Background: Previous population-based surveys to monitor sun protection behavior over time have relied on self-report, which can be subject to recall and misclassification bias and social desirability bias. The present study aimed to describe the prevalence and determinants of teenagers' and adults' observed sun protection behavior while engaged in outdoor leisure activities on summer weekends, over a decade of the SunSmart skin cancer prevention program, which involved public education and advocacy. Method: Serial cross-sectional observational field surveys of teenagers and adults at leisure were undertaken during summer weekends between 11 a.m. and 3 p.m., from 1992 to 2002 (N = 46,810). The four types of setting for observation were parks and gardens, golf courses, tennis courts, and pools and beaches, located within a 25-km radius of Melbourne city center, Australia. The main outcome measure was a binary clothes cover
Introduction
Australia has the highest skin cancer rates in the world and treatment costs to the health system are higher than for other cancers (1, 2) . Despite an overall increase in nonmelanoma skin cancer rates, in younger people this has begun to plateau after decades of increase (3) . Melanoma mortality in Australia peaked in about 1985 and has now plateaued (4) . Stabilization in skin cancer rates may be due to extensive public health programs. However, data documenting improvements in people's skin cancer prevention practices in association with prevention efforts are needed to lend support to this hypothesis.
The present study of sun protection behavior was conducted in Victoria, Australia, where the SunSmart (initially Slip! Slop! Slap!) skin cancer prevention program has been running for more than 20 years (5). The long-term aim of the program is to reduce the incidence of, and morbidity and mortality from, skin cancer in Victoria. SunSmart seeks to promote environmental changes supportive of sun protection, such as provision of shade in outdoor settings, and to promote individual behaviors that decrease solar exposure. These include wearing a hat, covering up with clothes, and staying in the shade during peak periods of solar UV radiation intensity.
The campaign's main routes of influence have been public education and advocacy. Televised public education campaigns have been used to promote pro-sun protection knowledge, attitudes, and intentions in individuals and to promote social and cultural norms supportive of sun protection. Advocacy has been used to support environmental and policy changes that have led to improvements in the quality of available sun protection (e.g., a standard for sunglasses safety) (6) , as well as change in school (7) and workplace (8) sun protection policies. For example, a SunSmart accreditation program that has been operating in Victorian primary schools since 1993 has led to accredited schools having more sun-protective policies and practices than nonaccredited schools (7) . SunSmart sponsorship of Victorian lifesavers resulted in improved sun protection behavior and less sunburn among these important role models (9) . SunSmart collaboration with local governments who employ many outdoor workers and are responsible for a significant proportion of outdoor space resulted in a substantial increase over time in the proportion of local authorities with sun protection policies for outdoor workers as well as policies applying to children's programs, and improvement in shade cover over children's wading pools (5) . Additional detail about the elements of the program can be found in Montague et al. (5) .
The aims of this study are to (a) describe change in the prevalence of teenagers' and adults' use of sun-protective clothing during outdoor leisure activities on sunny weekends from 1992 to 2002, and (b) examine the extent to which environmental factors (temperature, wind, cloud cover, shade, and leisure setting) and individual factors (sex, age, activity, and social group) were associated with people's use of sun-protective clothing.
Previous population-based surveys used to monitor people's sun protection behavior over time have relied on self-report through telephone surveys (10) (11) (12) , questionnaire surveys (13) (14) (15) , or a mixture of face-to-face and telephone interviews (16) . The validity of self-report data can be threatened by potential biases, such as recall and misclassification bias and social desirability bias (17, 18) . Some studies have used the prevalence method in which data relate to the previous weekend (10, 11) and some have assessed usual behavior (13) (14) (15) (16) , which is even more prone to recall bias.
This study is novel in that it is a survey of observed sun protection behavior among f4,000 teenagers and adults per year over a decade. To our knowledge, this is the largest and longest-running observational survey on sun protection, enabling examination of determinants and trends in sun protection behavior using objective measures.
Materials and Methods
Participants and Setting. An observational field survey of sun protection behavior was conducted as an annual serial cross-sectional survey from 1992 to 2002. It targeted people who seemed to be 14 years or older, at leisure at parks, gardens, golf courses, tennis courts, pools, or beaches located within a 25-km radius of Melbourne city center, Australia. People swimming, working, or in uniforms were excluded. This study reports on 46,810 observations with complete data on all covariates. Table 1 provides descriptive data on the sample, which ranged from 3,337 observations in 1994 to 5,195 observations in 1999.
Materials and Procedures. Each year, a complete set of maps for the suburbs located within a 25-km radius of Melbourne was divided up among trained field workers, specifying their regions for data collection. Field workers were required to identify the public parks/gardens, beaches/outdoor public pools, golf courses, and tennis courts within their maps, and record observations at these sites. Sites were visited once per year. At each site, field workers were instructed to collect data until they reached a recommended number of observations, had been at the site for 30 min, or had observed all eligible people present at the site, whichever occurred first. The recommended number of observations per venue was 50 people at each golf course, pool, or beach; for each tennis club, the recommended number was 75 people on Saturdays or 25 people on Sundays (as more people play tennis on Saturdays); and for each park, 25 people on Saturdays and 75 people on Sundays. At crowded venues, field workers were required to follow a systematic protocol for sampling people to observe, to avoid selection bias. For example, at a crowded beach they were required to observe each adult they encountered when walking at a 45-degree angle from the top of the beach to the water's edge (and in the shallows) and, if necessary, walking back up the beach at the same angle along another path.
A precoded record sheet was used to document observations for each site (suburb, site address, type of leisure setting, temperature in the sun, observed cloud and wind, date, and time) and the people within it (age, sex, type of hat, shirt and leg cover garments worn, shade use, and activity). If a person was a member of a social group, this was noted, and the number in the group was recorded. Field workers followed strict rules of observation to minimize selection bias attributable to individual observer decisions.
Further to the local observations, each observation was assigned the official weather data (temperature, cloud cover, and wind) from the Bureau of Meteorology corresponding as closely as possible with the time and place of observation. A proxy indicator of socioeconomic status was assigned based on the postcode of the suburb of observation. The Australian Bureau of Statistics' 1996 urban index of relative socioeconomic advantage was used (19) . For the data collection sites in the study, the range of scores on this index represented the range for the whole of Victoria, suggesting the survey achieved good breadth of sampling in this regard.
Observations were conducted when solar UV levels peak between 11 a.m. and 3 p.m. on mainly sunny and warm weekends in February and March.
Analysis. The primary outcome of interest was an index of participant's clothes cover, computed on the basis of the type of hat, shirt, and leg cover garments worn (20) . For each garment, the approximate surface area of the body covered was calculated based on the cover estimated to be provided to each of 21 separate sections of the body. However, the main proportions relate to 9% cover each by the head including the neck, the left and right arms, the front and back upper chest, the front and back lower torso, upper and lower left leg, and upper and lower right leg. Using these proportions, a composite index of the proportion of the body surface covered by clothes was calculated by summing the cover provided to each individual body section. This method for estimating the body surface area covered by different garments was adapted from the body clothing coverage index used in a previous study (21) with revisions to provide more detailed calculation of head cover as afforded by different styles of hats and to account for the absence of assessment of footwear and sunscreen use. Use of sunglasses was not included in the index because it was not recorded in all years. This index was then dichotomized to represent those less than or equal to the median level of body cover for each type of setting (parks and gardens, golf courses, tennis courts, and pools and beaches) and those greater than the median with the data pooled across all years. The rationale for varying the cutoff point by setting type was that certain activity settings predicate certain clothing norms (e.g., people tend to wear trousers and shirts at golf courses, whereas at pools or beaches briefer clothing like swimsuits may be worn). Multilevel logistic regression analysis was done to determine the effects of contextual and demographic variables on the odds of individuals achieving above the median level of clothes cover for their setting type, accounting for the high similarity in body cover within social groups and settings. Random intercepts were allowed for social groups and sites for each year. All analyses were done using GLLAMM in Stata 8.2 (22) . Model 1 included time and other covariates, whereas model 2 also included variables that were found to interact with time: these were time by sex and time by activity interactions. The interactions to be tested were chosen on the basis of their educational implications for targeting of messages (age, sex, activity, wind speed, and cloud cover). Both models treated predictor variables as categorical, except for socioeconomic status, temperature, wind, and time, which were treated as continuous variables.
Results
During the observation period, the mean temperature was 24.8jC (SD, 1.3jC); the mean wind speed was 10.7 knots (SD, 1.7 knots). The median level of clothing cover for each setting type was 74.1% for parks and gardens, 83.0% for golf courses, 64.9% for tennis courts, and 50.9% for pools and beaches. Figure 1 shows the unadjusted trend over time for each venue in the proportion of people wearing more than the median clothing cover. Over the years, the odds of having clothes cover above the median increased for people at parks and gardens [odds ratio (OR), 1.04; 95% confidence interval (95% CI), 1.02-1.04], tennis courts (OR, 1.12; 95% CI, 1.11-1.14), and pools and beaches (OR, 1.03; 95% CI, 1.03-1.05), but decreased by 5% per year for people at golf courses (OR, 0.95; 95% CI, 0.93-0.96). Table 1 shows the characteristics of the study population and unadjusted prevalence of wearing more than the median clothing cover for all categorical covariates. In multivariate analysis (Table 1) , model 1 shows that there was a significant increase per year in the proportion of people wearing clothes above the median, with the odds increasing by 3% per year. Model 2 shows that there were significant differences in the rate of change among males and females and among those undertaking different activities. Having adjusted for all other covariates, the odds of males wearing above the median clothing cover increased by 4% per year, whereas females increased by 8% per year (Fig. 2 ). There were increases over time in clothing cover for those who were sitting and exercising (sitting OR, 1.05; exercising OR, 1.04), but no change for those who were lying, walking, or standing (lying OR, 1.00; walking OR, 0.99; standing OR, 1.00; Fig. 3) . We undertook further analysis to assist interpretation of this pattern of findings. Table 2 shows that 6.4% of the sample was lying and nearly all of these (87.4%) were located at the pools and beaches. Overall, 27.1% of the sample was walking, and 72.2% of these were located in parks and gardens and golf courses. Over time, Table 2 also shows that the proportion of the sample that was engaged in sitting or standing did not vary. However, there were fewer people who were lying or walking as time progressed and an increase in the proportion of people who were exercising.
Environmental factors, activities undertaken, and demographic attributes were associated with body cover greater than the median in each setting. In terms of environment, compared with days of ''sunshine,'' the odds of above the median body cover was higher on days when the observed cloud cover was ''mixed thin'' (13% increase), ''overcast thin'' (22% increase), and especially ''mixed thick'' (66% increase). People in partial and total shade were more likely to have above the median body cover (35% and 102% increase) compared with people in settings where shade was not available; people not using available shade were less likely to have body cover above the median (8% decrease). The odds of clothes cover decreased with higher temperatures, with a 1-unit increase in temperature associated with a decrease of 11% in the odds of having above the median body cover. A 1-unit increase in wind speed was associated with a 1% increase in the odds of having above the median body cover. Socioeconomic status of the site had no relationship with clothing cover. No significant effects were found for group size. The odds of above median body cover was lower for those who seemed to be of ages 14 to 20 years (63% decrease) and 20 to 50 years (50% decrease) compared with those of ages z50 years.
The random effects indicate that the body cover of both the social group and the site contribute to the odds of an individual having body cover above the median. Social groups accounted for more variance in predicting clothes cover than sites.
Discussion
Results indicate that improvement in people's use of sunprotective clothing occurred during the SunSmart campaign from 1992 to 2002. This change may reflect cumulative behavioral change in association with the SunSmart campaign or other sociocultural trends. It is not possible to attribute causality with this data set. Nonetheless, the improvement over time is notable because it corroborates findings from self-report surveys that also suggest improvements in clothes cover over time and attitudes consistent with greater sun protection (11, 12) . Whereas increases in self-reported sun-protective behavior could reflect a response bias due to increased awareness of the sun protection message, observational data such as these would not be compromised by such. Further, the behavioral improvements found in the respective surveys are consistent with epidemiologic evidence of a stabilization in common skin cancers in Australia (3, 4) .
Strengths of this study compared with self-report surveys were that there were no dropouts, refusals, or nonresponses; the measure of sun-protective behavior was not subject to response bias; and objective weather data were obtained. Inter-rater reliability analyses indicate that the behavioral measures were not influenced by individual observer bias (20) . This observational method has not previously been used to comprehensively assess clothing cover across different venues or over time in Australia or elsewhere. There are a total of just five published studies of adolescents or adults that have incorporated an observational component, but all of these have been conducted at beaches and all have supplemented the observations with interview data (17, (23) (24) (25) (26) . This means that assessment of the level of sun protection in these few studies has been a combination of observed clothing cover and reported sunscreen use. Therefore, these studies at beaches are not directly comparable with observations made in the pools and beach venues of our study.
Caution is needed in generalizing from this sample to the general population because people staying indoors to avoid the sun and those in private settings were not observed. The study did not follow a cohort over time, so the direction of causality for observed associations cannot be confirmed. Other limitations were that it was not feasible to monitor detail such as the UV-protective properties of the textiles, people's skin type, the amount of time spent outdoors, or feet and hand cover.
The study found that people on golf courses and in parks and gardens tended to have around three quarters of their skin surface covered by protective clothing. However, people at tennis courts and pools and beaches wore less protective clothing, leaving around one third to half of their skin exposed, rendering them especially vulnerable to excessive sun exposure. Previous studies have found that people are more likely to suffer excessive sun exposure when playing water sports or other sports, which tend to occur in unshaded locations and are of some duration (21, 27) . This study found improvements over time in the proportion of people covering up with clothes for all the leisure settings monitored except golf courses. The apparent decline in clothes cover among golfers could reflect changes in fashion, a shift toward greater reliance on sunscreen as a method of protection, or a failure of the SunSmart campaigns to reach golfers. We also found that vigorous activity (exercising) was associated with lower odds of clothes cover than moderate activity. These results could reflect comfort concerns about heat or ease of movement, social norms, or fashion concerns. Those lying down were least likely to wear clothes cover, which could reflect deliberate sunbathing. Taken together, the results on settings, activity levels, and time suggest that there may be a persistent, albeit increasingly smaller, group of people who intentionally seek a tan by lying down in the sun at beaches and pools. In a more positive direction, we found that more people over time were exercising and increasingly greater proportions of this group covered up when outdoors. We found no change in the number of people who were sitting, but the median clothing cover of this group improved.
Options for protection other than clothes cover are available (e.g., shade and sunscreens). Yet, the results indicate that shade did not tend to be used as an alternative to clothes cover, but rather these two protective behaviors often co-occurred. The tendency of those not using available shade to also wear fewer clothes may reflect deliberate sunbathing or perceptions of warmth-it feels hotter in the sun so people disrobe more. People could have been using sunscreen (which could not be monitored in this observational study). Sunscreen is not recommended as a sole method of sun protection but to be used in conjunction with other more reliable methods of sun avoidance, such as using shade and protective clothing and hats (28) .
Young people may be especially vulnerable to skin damage from solar UV in outdoor leisure settings because they are markedly less likely to wear protective clothing (especially young females). Epidemiologic research indicates that sun exposure of susceptible individuals during childhood and adolescence is an important cause of skin cancer (29, 30) . Promoting increased use of sun-protective clothes among young people may compete with some social and fashion trends. Nonetheless, these data suggest that all age groups improved their sun protection at a similar rate over the years, albeit from different baselines. The data also suggest that women may have been especially responsive to the sun protection message. People's level of clothes cover also related to their social groupings within settings. This could reflect people's deliberate or inadvertent use of clothing as a signifier of social group affiliation. Among certain social subgroups, fashion norms may enable or inhibit individual's use of sun-protective clothing. Identifying and effectively reaching vulnerable groups is a continuing challenge for skin cancer prevention programs.
Clothing selection is clearly a complex behavior associated with a range of contextual and social factors. It seems that thermal concerns drove people's clothes cover more than need for sun protection because higher temperatures and less cloud cover (which are both associated with higher UV levels) were associated with lower odds of protective clothes cover. People presumably perceive that wearing more clothes when the sun is stronger is uncomfortable, or wearing less on warmer, sunnier days may reflect social norms or fashion. However, it is also possible that some people had lower clothing cover to intentionally get a tan during warmer temperatures. That this study found improvements in use of sun-protective clothing occurred over time, after controlling for various demographic characteristics and competing activity and environmental demands, provides support for the hypothesis that sustained primary skin cancer prevention campaigns have succeeded in facilitating improvements in the public's sun protection behavior. 
